An FT-IR spectrum of trimethylphenyl ammonium chloride (TMPAC) has been recorded in the region 4000 -400 cm −1 . The optimized geometry and vibrational spectrum TMPAC in the ground state have been calculated by using ab initio Hartree-Fock (HF) calculations and the density functional method B3LYP with the 6-31G (d) basis set. The obtained vibrational frequencies and optimized geometric parameters (bond lengths and bond angles) were in very good agreement with the experimental data. The comparison of the observed and calculated results for the vibrational frequencies of TMPAC exhibited that the scaled B3LYP method is superior compared to the scaled HF method. Furthermore the calculated infrared and Raman intensities are also reported.
Introduction
Trimethylphenyl ammonium chloride [(CH 3 ) 3 (C 6 H 5 )N]Cl (TMPAC) has been widely used as methylating agent for morphine in the alkaloid industry for many years [1] . It is also used in agricultural industry [2] . Furthermore, TMPAC in the form of ionic liquids has attracted considerable interest for use as electrolyte in electrochemical cells [3] . Very recently, Stevens and Anderson used the TMPAC as an aromatic compound adsorbed on montmorillonite in an infrared dichroism experiment [4] .
In spite of its importance mentioned above, the vibrational assignments of TMPAC are not definitely settled by using ab initio Hartree-Fock (HF) calculation and the density functional theory (DFT/B3LYP) method. It has to be noted that IR and Raman data on TMPAC are not plentiful in literature.
For these reasons the aim of the present study is to determine the vibrational modes and wave numbers of TMPAC in the framework of the DFT/B3LYP and HF methods and to offer the optimized molecular geometry.
Experimental and Computational Details
The IR spectrum of TMPAC has been recorded on a Perkin Elmer Spectrum One FT-IR spectrometer at a resolution of 4 cm −1 in the transmission mode at room 0932-0784 / 09 / 0100-0127 $ 06.00 c 2009 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com temperature in the region 400 -4000 cm −1 . The computations were performed by using the Gauss-View molecular visualization program and the Gaussian 03 program package on a personal computer [5] . The optimization of the molecular structure of TMPAC in the ground state was verified by the HF and B3LYP calculations with the 6-31G (d) basis set. The sets for HF and B3LYP calculations were scaled with the scaling factors 0.8929 and 0.963, respectively [6] .
Results and Discussion
The chemical structure and numbering of the atoms of TMPAC are given in Figure 1 . Since the chlorine atom of this compound is in an ionized state, it has no influence on both the vibrational and Raman spectra of TMPAC.
The bond lengths and angles of TMPAC optimized by ab initio HF calculations and the DTF/B3LYP method with the 6-31G (d) basis set are listed in Tables 1 and 2, respectively, which also contain experimental results for comparison [7] .
The correlation graphics between the calculated and experimental bond lengths and angles of TMPAC are shown in Figs. 2 and 3 , respectively. Owing to our calculations the largest difference between the calculated HF bond lengths and experimental values given in Table 1 is about 0.055Å (Fig. 2) . Likewise the biggest difference between the calculated bond angles and ex- perimental values given in Table 2 is about 1.465 • (Fig. 3) . In summary the optimized bond lengths and bond angles obtained by HF calculations agree very well with the experimental values. For the assignment of fundamentals of TMPAC its IR spectrum has been recorded (Fig. 4) . TMPAC has the symmetry C s and contains 25 atoms in the asymmetric unit. The Cartesian displacements of the 25 atoms result in 75 internal modes, i. e. Γ inter. = 45A + 30A , and considering the character table for the C s point group Γ trans. = 2A + A and Γ rot. = A + 2A we find vibration modes; here the symmetry A denotes the vibration in-plane and the symmetry A shows the vibration out-of-plane [8] . All 69 vibrations are active in both the infrared (IR) and Raman (R) spectrum. The assignments of both experimental and calculated IR vibrational frequencies for TMPAC are given in Table 3 , where the vibrational frequency modes are numbered from the smallest to the largest frequency values. As seen in Table 3 , the experimentally observed peaks in the range 2920 -3110 cm −1 can be assigned to aromatic C-H stretching vibrations [9] . The frequencies calculated by DFT/B3LYP theory using the 6-31G (d) basis set for these vibrational modes exhibit a reliable correspondence in the same wavenumber region. On the other hand, the calculated infrared intensities are usually different when compared with the experimental values for both high-and low-frequency regions. This situation may be evaluated in the framework of the assignment of fundamentals [10] . Due to various reasons, for example, anharmonic effects, the [9] . d On the basis of DFT calculation: ip., in-plane; op., out-of-plane; bend., bending; rock., rocking; sciss., scissoring; str., stretching; wag., wagging; sym., symmetric; def., deformation; asym., asymmetric; twist., twisting. vibrational intensities could not be considerably identified by infrared and Raman spectroscopy. Therefore, we payed attention to the frequency only.
Considering Table 3 , it can be easily stated that the experimental and theoretical vibration values are in a good agreement with each other. The correlations between them are shown in Figure 5 . The correlation values for HF and B3LYP are 0.8929 and 0.963, respectively. The correlation values in Fig. 5 show that the results of DFT/B3LYP calculations are more likely than ab initio HF calculation for vibrations.
Conclusion
As a conclusion, the results calculated by the DFT/B3LYP method give better fits to experimental ones than those calculated by the HF method. The excellent agreement between the frequencies calculated by B3LYP with the 6-31G (d) basis set and the ones found in the experiment exhibit that the density functional theory is more suitable for providing information about vibrational spectra of the mentioned compound. On the other hand, ab initio HF methods are the more suitable approach to optimize bond lengths and angles.
